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The research described here consisted of a series of simple experiments designed to 
determine the suitability of a variety of optical schemes for detecting leaks. All schemes are 
variations of the classic schlieren method, which enhances imaging of index gradients by blocking 
undeflected rays. This work can be divided into two parts. 





will have far reaching applications beyond and including the needs at Kennedy Space Cento - . 
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in cramped and cluttered situations such as the internal plumbing of rocket engines the optics of a 
standard schlieren head cannot be placed around the test region. At the other extreme, for the 
situation of overland transfer lines, a standard schlieren head would need dimensions on the order 
of 100 m to simultaneously monitor the entire region of interest In some situations, setting up of a 
schlieren head might be prohibited by safety concerns. Hence, a goal is remote schlieren having 
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separation of the Moire bands and their width increases until a single dark or light band fills the 
view. The focus of the zoom may have to be readjusted by monitoring the contrast of the Moire 
band since changing the zoom causes a change in the position of the stripe image. The Ronchi 
ruling can now be translated perpendicular to the optical axis to get die appropriate level of 
extinction. This translation is sensitive and best done with a micrometer stage. 



All of the above steps are performed with the simple lens placed so that the camera images 
the stripes and Ronchi ruling simultaneously. If a disturbance is placed close to die zebra stripes, it 
will also be in focus with respect to die camera, but will nevertheless be invisible. We find that 
zebra schlieren is insensitive to disturbances close to the stripes. Placing the disturbance close to 



in Fig. 1-2. The stream recorded in Fig. 3-2 can also be seen with the naked eye (shadowgraph) 
though Fig. 3-2 records a significant enhancement Heat waves from warm body parts were not 
observed. The actual set up can be significantiy improved by fitting the critical optical elements 




Figure 3-3. Geometrical considerations for zebra schlieren. An image of the stripe pattern is 
formed in registration with the Ronchi ruling. Rays which pass to form an image of the 
disturbance appear to subsequent optics to have originated in a dark stripe. 



camera to have originated from a neighboring dark stripe. Also the deflection must be sufficiently 
small that deflected rays are collected by the zoom lens. Both conditions imply a minimum 
distance x for the disturbance from the stripes for a given deflection <J>. These are x > w/<j> and x > 
L-R/<|>. 



Figure 3-4. Estimate of expected deviation from He leak. A He leak is modeled as a isosceles** 
prism with angle a. The incident angle is 0, and the deflection is <|). The formula gives <{> in terms 
of a and 0, and the plot presents results for the range of a and 0 that the majority of rays are likely 
to encounter. The maximum deviation is on the order of 1 mrad. 
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Figure 4-1. Single ended schlieren. The zebra stripes and Ronchi ruling of zebra schlieren have 
been replaced by a distant outdoor scene and its negative, respectively. In adaptive schlieren the 
negative is written on an erasable medium. 


Three types of material were studied which have the ability to reversibly record the negative 
of a scene. The first is photochromic glass (Coming photogray) in which a photophysical 



definition, the range of possible contrast values is 0 to 1. For the photochromic material a value of 
0.15 is found. Even with contrast so much less than one, we have observed schlieren with this 
photochromic glass. 
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Initial exposure After 1 0 minute exposure 
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4.2 Bacteriorhodopsin 

Figure 4-3 presents a schematic of some of the spectral changes that can be induced in 
bacteriorhodopsin using monochromatic light[3]. In its ground “bR” state bacteriorhodopsin has 
an absorption band in the yellow which can be bleached by exposure to yellow light 
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Figure 4-3. Schematic representation of bacteriorhodopsin photocycle. 
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yellow light illumination, a) Maximum contrast is plotted against yellow light illumination time for 
different yellow light intensities, b) Contrast is plotted vs illumination time of the blue read light 
for different blue light intensities. 
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Figure 4-5. Bacteriorhodopsin schlieren test results. A soldering iron is in front of the telescope 
mirror at the bottom, a) Blue light image taken before yellow light illumination, b) Blue light 
image taken after yellow light illumination. Index disturbances are observed in the upper right 
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Figure 4-6 shows the same results as Fig 4-5 but with image processing applied. This picture has 
been included because it is expected to reproduce better than Fig. 4-5. In actuality. Fig. 4-5 



s 


.£? its S 

1 1 a ’S a 
2 *8 ! 8 3 

& J>- 2 TJ 




• H 


.a* 





continuously observed in blue light through the front surface. The lens and mirror systems must 
have the same magnification, so it is convenient to use a zoom lens. Index changes of interest 
must be rapid compared with the characteristic write time of the bacteriorhodopsin film. 




The transient nature of the bacteriorhodopsin write and read cycle is clearly undesirable in a 
practical device. Figure 4-7 presents a proposed alternative in which yellow write light and blue 
read light are always present One disadvantage is that reading and writing is done with 
independent optical systems, so that automatic registration is lost A zoom lens should be used to 
form the blue image. The relative intensities of yellow and blue light will have to be carefully 



Figure 4-8. Set up for LCD schlieren experiment The illuminated stripe pattern is imaged with 
the mirror onto a liquid crystal display, on which a freeze frame image of the pattern is displayed. 
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Figure 4-9. Results of LCD schlieren. Heat waves from a soldering iron are observed. 



Limitations of the present LCD experiment are the coarseness of the pattern, the lack of 
sharp edges, limited contrast and resolution of the LCD. However, high-resolution transmissive 
LCDs do exist for heads-up display applications so that a compact arrangement like that of Fig. 4-1 
can be envisioned with higher performance that realized so far. 
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Variations of schlieren optics have been explored with emphasis on leak detection. For 
leak detection within confined and cluttered situations (e.g. OMS pod), geometrical and optical 
considerations indicate a severely limited usefulness for the technique. On the other hand, single 
ended schlieren using adaptive optical elements such as photochromic glass, bacteriarhodopsin. 




